ABSTRACT. We examined the effect of a local anesthetic, dibucaine, on the plasma membrane of Tetrahymena pyriformis strain NT-1 using freezefracture electron microscopy. Intramembranous particles (IMPs) were distributed homogeneously on the plasma membrane of untreated cells. But, when Tetrahymena cells had been treated with 1.3 mM dibucaine for 5 min at growth temperature, freeze-fracture micrographs of the plasma membrane showed marked alterations. Although IMPs showed an almost homogeneous distribution, their density was elevated markedly on the protoplasmic fracture (PF) face but greatly reduced on the exoplasmic fracture (EF) face. Areas around deciliated portions had a reverse IMP density distribution for the PF and EF faces. These results suggest that dibucaine induced vertical displacement of the IMPs in the plasma membrane.
Tetrahymena pyriformis, a pear-shaped, ciliated cell has been used as a model system in studies of a variety of biological phenomena. Thompson et al. (23) developed a nonlethal deciliation method for Tetrahymena cells (strain that uses the local anesthetic dibucaine. They suggest that cilia may be detached by a sudden local increase in the Ca2+ concentration at their basal regions. Satir et al. (19) also have reported an ultrastructural study of membrane events that took place on dibucaine treatment and subsequent ciliary regrowth in Tetrahymena cells (DN-B3). Moreover, local anesthetics have been shown to induce membrane expansion (20) , to inhibit virus-induced cell fusion (15) and to displace Ca2+ in the membrane (8, 20) .
The cellular site of action for local anesthetics is believed to be the cell membrane, where the ability of these drugs to associate with and modify the organization of certain membrane phospholipids correlates well with their biological activities (13, 14) . Recently, Verkleij et al. (24) have shown that local anesthetics produce the transition from the lamellar to the hexagonal HII phase which results in the formation of lipidic particles in mixed dioleoylphosphatidic acid/phosphatidylcholine. Structural changes caused by local anesthetics have been studied for 3T3 cells (10, 16, 17) and erythrocyte membranes (6) .
Freeze-fracture electron microscopy, has sh own that local anesthetics cause significant aggregation of IMPs in membranes (6, 17) . The asymmetrical transbilayer Abbreviations used: PF, protoplasmic fracture face; EF, exoplasmic fracture face; IMPs, intramembrane particles. distribution of membrane proteins and the dependence of their lateral rotational mobility on the physical state of membrane lipids are both well established for various types of biomembranes. Furthermore, Shinitzky et al. (2) have reported that the vertical displacement of membrane proteins might take place by changing the fluidity of the membrane lipids, but they offered no ultrastructural evidence to support this hypothesis.
To obtain more detailed information on the redistribution of IMPs that is induced by treatment with a local anesthetic, dibucaine, we used freeze-fracture microscopy to examine ultrastructural alterations produced by dibucaine-treatment of Tetrahymena pyriformis, strain NT-1. is elevated toward the outside of the cell on the PF face ( Fig. 3) and is depressed on the EF face (Fig. 4) . It runs parallel to the lines of cilia that denote 1° meridians (27) . No such band structure has been reported on the plasma membrane of Tetrahymena cells growing in the presence of glyceryl ether (chimyl alcohol) (5), on ergosterol (11), on phenethyl alcohol (12) which considerably modified the membrane lipid composition. This is the first report of a specific band structure in Tetrahymena. Hufnagel (7) described long paired rows of IMP which were discernible on the ridge of plasma membrane in Tetrahymena. It seems, obviously differ from the band structure seen here.
Cells were deciliated by treatment with dibucaine, the stubs of the deciliated portions having a constant plasma membrane cover (Figs. 3, 4) . Local anesthetic are thought to act on the membrane by displacing bound calcium ions (3, 20) . Dibucaine may transport free or membrane-bound calcium ions inside the cell; if so, the thereby 
